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Inflammatory mediators are insufficient for full
dendritic cell activation and promote expansion
of CD4* T cell populations lacking helper function

Roman Sporri' & Caetano Reis e Sousa

Dendritic cells (DCs) can be activated directly by triggering of receptors for pathogens or, indirectly, by exposure to inflammatory
signals. It remains unclear, however, whether the two pathways result in qualitatively similar DCs or lead to equivalent adaptive
immune responses. Here we report that indirect activation by inflammatory mediators generated DCs that supported CD4* T cell
clonal expansion but failed to direct T helper cell differentiation. In contrast, exposure to pathogen components resulted in fully
activated DCs that promoted T helper responses. These results indicate that inflammation cannot substitute for contact with
pathogen components in DC activation and suggest that the function of pattern recognition by DCs is to couple the quality

of the adaptive immune response to the nature of the pathogen.




TLR activation is needed for mature and committed

immune T cell response o
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TLR9 activation can overcome resistance PD-1 blockade in preclinical models

Overcome resistance to PD-1 blockade
An intratumoral TLR-9 agonist (SD101) to reverse resistance to a-PD1 in JAK 1/2 LoF resistance tumors
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Route of Administration

Intratumoral TLR-9 Activation Not Systemic

Days Post Injection
D Local TLR9 & systemic checkpoint blockade
-~ Untreated
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Clinical activity
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Combination with Checkpoint Inhibition



SD-101 in Combination with Pembrolizumab in Advanced
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Early and late immune analysis post intratumoral
TLR9 agonist ( Tilsotolimod ) with ipilimumab in
patients with anti-PD-1 resistant advanced melanoma



A phase 1/2 study of Intratumoral Tilsotilomod (IMO-
2125) in Combination with Ipilimumab in patients with
Refractory (anti-PD-1 resistant) Metastatic Melanoma




Trial Design (ycroz644967)
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Intratumoral IMO-2125
l £, IMO-2125 alone _m

I.t. IMO-2125 + Ipilimumab l l I l 1 1
HEE 1
1 2 3
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Week
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Modulation of the tumor microenvironment by intratumoral
administration of the TLR9 agonist Tilsotolimod (IMO-2125)

Intratumoral
administration
of IMO-2125

1. TLR9 induction of IFNa. and APC maturation

* TAM

CD4*TIL

k—- TAF © Beell /

Activation of APCs to
improve T-cell priming

2. TIL Activation and Proliferation

—&

CD8'TIL
\

Improved antigen presentation
results in TIL activation and
proliferation



Patient Characteristics
_—

CHARACTERISTIC Efficacy Population (N=21) BRAF V600 Mutation, n (%)
Age atenrollment—medianyr (range) 88 (39-91) Positive 10 (47)
Sex, n (%) Negative 2{43)
Msle 14{67) Unknown 2(10)
Female 7(33) Brain Metastases, n (%)
ECOG performance status n (3%) i )
No 19(90)
0 14 (87)
Visceral Metastases, n (%) —— e
1 8(28) I I
Yes 1 15(72) 1
> 1(5) o e 2
No 6(28)
Stage n (%)
Prior Treatment, n (3&)
1] 4(19) I e e
PD{L)-1 inhibitor* L 21(100)
IVM1iaorMib 10 (48) ——
Alone 10 {48)
blended 7(33) CTLA-4 inhibitor + PD-1 inhibitor 6(28)
Lactate dehydrogenase, n (%) Other PD{L}-1 combination 5(24)
= g
ZULN r-13152i CTLA-4 inhibitor® : 10(48) 1
l — ol
z ULN 1_s(3s) BRAFi and/or MEKi 2(10)

Haymaker....Diab et al., under review




Image-guided intratumoral injection of deep lesions with Tilsotilomod

CT guided Intratumoral injection of deep inguinal soft tissue mass

Haymaker....Diab et al., under review



Early response data to Tilsotolimod + Ipilimumab

Best Response as of 9 May 2018
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Early response data to IMO-2125 + Ipilimumab

I

Response Total Anti-CTLA-4 Naive : Anti-CTLA-4 Exposed:

(N=21) (N=11) : (N=10) I

I

Objective Response Rate (%) 38 46 : 30 :
. I

Partial Response (%) 28 28 : 30 :

Complete Response (%) 10 18 : 0 [

Stable Disease (%) 38 45 I 30 :
Progressive Disease (%) 24 9 : 40 :

Haymaker....Diab et al., under review



Tumor Imaging of Patient with a Complete Response: Ipilimumab + i.t.
Tilsotilom

Pre-Therapy
Q-‘i-"?’ ¥ iR g

Injected Lesion
Distant Lesion i
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Immune response monitoring to correlate with mechanism of action

Injected = Injected lesion
Distant = Un-injected Lesion

= collection of biopsy

¢ = collection of PBMCs

Week 8
24 hours post i.t. 5 doses of IMO-2125 and 3
C1Ww2 C2WS5 C3WS8 C4W11

Injected Distant Injected

Tumor Core
Needle biopsy

Injected Distant

—> Formalin - IHC

—> Fresh flow cytometry
DC subsets and maturation
Immune infiltrate changes

T cell activation/functional state

Haymaker....Diab et al., under review

—> DNA and RNA (TCRseq and gene expression)



Induction of IFNa-response gene signature after i.t Tilsotilomod
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24 hours post i.t.
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Activation of Innate and Adaptive Immunity Using Intratumoral Tilsotolimod (IMO-2125) as Monotherapy in
Patients With Refractory Solid Tumors: a Phase 1b Study (ILLUMINATE-101)

Hani M. Babiker," Erkut Borazanci,? Vivek Subbiah,? Orla Maguire,* Shah Rahimian,® Hans Minderman,* Cara L. Haymaker,® Chantale Bernatchez,® Gurjaap Bindra,® lan Iverson,® Srinivas Chunduru,® Peter M. Anderson,® Igor Puzanov,* Adi Diab®

Wniversity of Arizona Cancer Center, Tucson, A Z; ZHonorHealth Research Institute, Scottsdale, A Z;

BACKGROUND

+ Tilsotolimod (IMO-2125) s an investigational synthetic toll-like recepter 9 (TLR9)
agonist with potent immunestimulating activity (Figure 1)'
Pmlunnﬂ'y results of a phase 1..'2 rlud; of mtraiumord ||leolumod plus

ili ik in anti-PD-1-ref trated durable

responses and evidence of an abmopd oife:t’

* ILLUMINATE-101(NCT03052205) is a phase 1b study that further explores
the rele of single-agent tilsotolimod in medulating the tumor immune
microenvironment (TME) in patients with solid tumors

Figure 1. Tilsotolimod Mechanism of Action

1. Intratumaral 2. Draining
administration . lymph g
oftilsotolimed nede @ [} 3. Resctivated T cells migrate
[ ] ta distant tumer sites

ol )

Metastases are targsted
by primed T cells
A Inoreased TIL
Indiltr ation
Dendriticcsll Tumor specilc antigens
HEcall ® coserca
VN0, ntsefiron-soha; MK, natural kiler ool TIL, tumor infitrating lymehocyts.
* Adultswith a histelegically er eytologically confirmed di is of metastatic
refractory solid tumors were eligible
+ Patient: tob ledinto 4.d h ) ard reeaive intrat .

tilsotelimod in escalating doses (Bmg, 16 |ng,23|||g, and 32 mg) into a single lesion
(Figure 2)

« If>2 patients in a cohort experienced DLTs, enrollment at that dese level was
to bestopped pending cohort review committee recommendations on further
study conduct

= Anadditional B patients were to be enrclled at the recommended phase 2
dose (RP2D)

« Tumor biopsies of injected (primary) and distant lesions were obtained at basaline
and at 24 hours and & weeks after dosing (on treatmaent)

Figure 2. ILLUMINATE-101 Study Design
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* Immune analyses included NanoString® (NanoString Technologies, Seattle, WA)
and/or flow cytometry of type 1interferon (IFMN) pathway activation, IFN-y levels,
activation of dendritic cell subsets, and changes in T-cell status

- Gene set scores were generated from the PanCancer Immune (PCI) Profiling
Panel (NanoString Technologies, Seattle, WA)
= Primary cbjective of dose evaluation: safety
= Secondary objectives: establish RP2D); assess clinical activity, pharmacokinetics,
and alterationsin TME

Exolorat
¥

bjecti luate i loaic acth il

RESULTS

« AsofFebruary 28, 2019, 54 patients have been enrolled, including 38 in the dose-
evaluation portion and 16in a melanoma dose-expansion cohort (Figure 3; Table 1)

Figure 3. Patient Disposition by Tumor Type (A), and Dose Cohort (B)

A B

Table 1. Demographics and Baseline Characteristics

Safety

* Me DUIs or treatment-related adverse events were observed

* No treatment-smergent adverse avents (TEAEs) leading to treatmant or study
discontinuationor death occurred (Table 2)

Table 2. Most Common TEAEs

CTm——

=1TEAE, n(%) 52(9€)
=1grade 3/4 TEAE, n(%) 30(56)
Most common TEAEs, n (%)
Pyrexia 32(59)
Fatigue 18(33)
Chills 14(26)
Nausea 14(26)
Vomiting 10019)

* The most common grade 3/4 TEAEs were anemia, hyponatremia, pain, sepsis
(n= 3 each), fatigue, and thrembocytopenia (n= 2 each)

Efficacy
» Of 29 evaluable patients, 13 (45%) had a RECIST V1.1 disease assessment of
stable di (SD), with a di ntrol rate of 45%

= Duration of SD ranged from 1.3 to 9.7+ months from start of treatment, with
3 patients ongeing (Figure 4)

Characteristic T
Median age (range),years 61(18.86)
ECOG PS 041, (%) 54(100)
Elevated LDH, n (%) 7(32)
Stage IV disease, n (%) 45(83)
Prior treatment, n(%) 54(100)
Chemotherapy 38(70)
Anti-PDA 18(33)
Targeted therapy 16(30)
Anti-CTLA4 8(15)
Anti-PD-1+anti-CTLA4 611
mib 3
Other 2(22)
ECOG PS,| DH,
PD, programmad decih.
D1 D8 DI5 D1 D8 DB Up
3veekeycles
Week &
(injacted and
nen-injected)

University of Texas MD Anderson Cancer Center, Houston, TX; *Roswell Park Comprehensive Cancer Center, Buftalo, NY; 5ldera Pharmaceuticals, Exton, PA; ®Cleveland Clinic, Cleveland, OH

Figure 5. Gene Expression Change From Baseline to 24 Hours
After Dosing
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Figure 7. IFN-a Signaling Change From Baseline by NanoString
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CONCLUSIONS

= Intratumoral injection of single-agent tilsotolimod waswell tolerated and
shewed preliminary evidence of :Imned actmty a:rass muHupthnd tumors,

- No correlations batween dose and efficacy wer . Figure 6. PanCancer Immune Profiling Gene Expression Changes luding those traditionall
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Rapid mDC1 maturation and macrophage influx induced by Tilsotilomod

24 hours post i.t.
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Induction of Antigen Presentation Related Gene Expression
e —

Injected Site - Baseline vs 24 hrs
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Induction of Antigen Presentation Related Gene Expression

Injected Site - Baseline vs Week 8
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Induction of Antigen Presentation Related Gene Expression

Non-Injected Site - Baseline vs Week 8

0.6

04 Constitutive Immune proteasome
proteasome

0.2

Expression
o
\\‘

.
0.2 % %
0.6 % /

PSMB7 PSMD7 PSMB8 PSMB9 PSMB10

MRNA MW Baseline Week 8
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Are non-responding patients’ tumors “immunologically cold”?
—

T-cell functionality gene signature

Response s

Site

- Locallinjected

[ Distant

Sharma et al., 2017 Cell
Tumeh et al., 2014 Nature
Haymaker et al., under review



Single agent anti-CTLA4 requires robust MHC class |
_—

CANCER

MHC proteins confer differential sensitivity to CTLA-4 A IPI (MHC class |)

and PD-1 blockade in untreated metastatic melanoma 100-

Scott J. Rodig'?*, Daniel Gusenleitner', Donald G. Jackson?, Evisa Gjini', Anita Giobbie-Hurder*, ’—EIE
Chelsea Jin?, Han Chang3, Scott B. Lovitch?, Christine Horak?, Jeffrey S. Weber?, Jason L. Weirather?,
Jedd D. Wolchok®, Michael A. Postow®’, Anna C. Pavlick’, Jason Chesneys, F.Stephen Hodi®*

®
<

t .
-

L

Combination anti-cytotoxic T lymphocyte antigen 4 (CTLA-4) and anti-programmed cell death protein 1 (PD-1)
therapy promotes antitumor immunity and provides superior benefit to patients with advanced-stage melanoma
compared with either therapy alone. T cell immunity requires recognition of antigens in the context of major his-
tocompatibility complex (MHC) class | and class Il proteins by CD8" and CD4* T cells, respectively. We examined MHC
class | and class Il protein expression on tumor cells from previously untreated melanoma patients and correlated
the results with transcriptional and genomic analyses and with clinical response to anti-CTLA-4, anti-PD-1, or
combination therapy. Most (>50% of cells) or complete loss of melanoma MHC class | membrane expression was
observed in 78 of 181 cases (43%), was associated with transcriptional repression of HLA-A, HLA-B, HLA-C, and
B2M, and predicted primary resistance to anti-CTLA-4, but not anti-PD-1, therapy. Melanoma MHC class [l membrane
expression on >1% cells was observed in 55 of 181 cases (30%), was associated with interferon-y (IFN-y) and IFN-y-
mediated gene signatures, and predicted response to anti-PD-1, but not anti-CTLA-4, therapy. We conclude that 0 T
primary response to anti-CTLA-4 requires robust melanoma MHC class | expression. In contrast, primary response 0 3 6 9 12151821242730 33363942
to anti-PD-1 is associated with preexisting IFN-y-mediated immune activation that includes tumor-specific MVHC

class Il expression and components of innate immunity when MHC class | is compromised. The benefits of com- M o I‘IthS

bined checkpoint blockade may be attributable, in part, to distinct requirements for melanoma-specific antigen
presentation to initiate antitumor immunity.

)
<

S
<

Surviving (%)

|

Number at risk

>50 — 14 13 111 11 10 10 9 8 8 8 8 8 1 0

<50 — 12 10 10 7 4 4 4 4 4 3 3 3 2 0 0

Not evaluable/ 21 18 15 15 14 12 11 11 11 11 11 10 10 4 0
missing

Rodig et al., 2018 Sci Transl Med



Does MHC class | expression correlate with response?

—

MHC class | expression at baseline
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Combination therapy induces CD8* TIL activation early on-treatment in
responding patients
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Combination therapy induces CD8* TIL activation early on-treatment in
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Combination therapy induces CD8* TIL proliferation and CTL function
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Combination therapy induces CD8* TIL proliferation and CTL function
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Combination therapy induces CD8* TIL proliferation and CTL function
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Combination therapy induces CD8* TIL proliferation and CTL function
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Combination therapy induces CD8* TIL proliferation and CTL function
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Preferential CD8* T-cell proliferation at the distant lesion
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Selective increase in CD8* T-cell proliferation in the tumors of responding
patients
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Expansion of top 50 T-cell clones in the distant lesion of responding
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Expanding clones in the distant lesion are shared with the injected lesion

. . . . . Clone shared No
Top 50 clones in the distant lesion at C3W8 of responding patients between lesions [l Yes

Pt 3 Pt 8 Pt 25

Number = clonal specific change in frequency (C3W8 — predose)

Circle size reflects the frequency of the clone relative to the other clones present at C3W8 ) )
Haymaker....Diab et al., under review



Cconclusion
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*Key points
—IMO-2125 induces a strong type 1 interferon gene signature, macrophage influx and
robust DC maturation post injection independent of ipilimumab

—Combination therapy induces CD8* T cell proliferation and activation that is preferential to

the tumor
—Major T-cell clones expanding on therapy in responding patients are shared between local
and distant lesions indicating that priming/reactivation is to a shared antigen

Potential impact on the field
—Combining intra-tumoral DC activation to enhance T-cell priming with checkpoint blockade

may be key in IO refractory patient population
—A local tumor can be used as an in situ vaccine through activation of local APCs and
Injection of one lesion results in regression of distant lesions that may not be easily

accessible

*Lessons learned
—On-treatment biopsy timing is critical!!
—Know your cellular target



ILLUMINATE-301 — Trial Design

PD-1 Refractory Metastatic Melanoma

Patient Stratification

— Duration of prior anti-PD-1
therapy (<12 or 212 weeks)

— Metastasis stage (M1c or

other)

— BRAF mutation status and
prior targeted therapy

BRAF wild type, mutation positive

with, or without prior targeted

Key Inclusion Criteria:
* Age >18 years

* Stage lll or Stage IV melanoma

* > 1 measurable lesion
accessible for injection

*ECOGPS <1

* Adequate organ function

Key Exclusion Criteria:
* Prior TLR agonists

* Prior ipilimumab

* CNS disease

Randomization

@

ipilimumab, iv. 8 [ 43@ 3
dsoolimod, it. 4 44 4

i.v., intravenous; i.t., intratumoral; ORR, overall response rate; OS, overall survival,

* Ipilimumab 3 mg/kg (4 doses: weeks 1,4, 7, and 10)

*Treatment Duration: 10 weeks

No crossover

* Ipilimumab 3 mg/kg (4 doses: weeks 2, 5,8, and 11) +
* Intratumoral tilsotolimod 8 mg (9 doses:weeks 1,2, 3,
5,8,11,16,20,and 24)

* Treatment Duration: 24 weeks

4

Tt 1

illuminate

Endpoints

Primary endpoint family
— ORR by independent
review per RECIST v1.1
- 0S

Key secondary endpoints

— Durable response rate

— Time to response

— Progression-free survival
— Patient-reported outcomes
— Safety
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Dose-finding phase : IMO-2125 + Ipilimumab

+* 18 subjects treated with IMO-2125 doses from 4 — 32 mg (with standard ipilimumab)
= Patient population was refractory to PD-1 inhibitors and had a high frequency
of visceral metastases
= Patients were injected in a single focus of tumor; deep visceral injections were
permitted
s Safety:
= No DLT, treatment-related deaths or discontinuations from therapy
= |mmune-related AE were similar to ipilimumab monotherapy
= RP2D selected as IMO-2125 8 mg with standard ipilimumab

Diab, ESMO 2017



